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Description 

Field of the Invention 

[0001 ] The invention relates to a process for the epox- 
idation of an olefin, which process comprises reacting a 
feed comprising the olefin, oxygen and a reaction mod- 
ifier in the presence of a highly selective silver-based 
catalyst. The invention also relates to systems suitable 
for use in connection with the process. 

Background of the Invention 

[0002] The catalytic epoxidation of olefins using a sil- 
ver-based catalyst has been known for a long time. Con- 
ventional silver-based catalysts have provided the olefin 
oxides notoriously in a low selectivity. For example, 
when using conventional catalysts in the epoxidation of 
ethylene, the selectivity towards ethylene oxide, ex- 
pressed as a fraction of the ethylene converted, does 
not reach values above the 6 / 7 or 85.7 mole-% limit. 
Therefore, this limit has long been considered to be the 
theoretically maximal selectivity of this reaction, based 
on the stoichiometry of the reaction equation 

7 C 2 H 4 + 6 0 2 => 6 C 2 H 4 0 + 2 C0 2 + 2 H 2 O t 

cf. Kirk-Othmer's Encyclopedia of Chemical Technolo- 
gy 3 rd ed., Vol. 9, 1980, p. 445. 

[0003] Modern silver-based catalysts however are 
more selective towards olefin oxide production. When 
using the modern catalysts in the epoxidation of ethyl- 
ene the selectivity towards ethylene oxide can reach val- 
ues above the 6/7 or 85.7 mole-% limit referred to. Such 
highly selective catalysts, which may comprise as their 
active components silver, rhenium, at least one further 
element and optionally a rhenium co-promoter, are dis- 
closed in EP-A-266015 and in several subsequent pat- 
ent publications. 

[0004] Besides better catalysts, reaction modifiers 
have been found which may be added to the feed to im- 
prove the selectivity (cf. for example EP-A-352850). 
Such reaction modifiers suppress the undesirable oxi- 
dation of olefin or olefin oxide to carbon dioxide and wa- 
ter, relative to the desired formation of olefin oxide, by 
a so-far unexplained mechanism. Suitable reaction 
modifiers are for example organic halides. 
[0005] When applying a reaction modifier, the con- 
centration of the reaction modifier in the feed may be 
chosen such that the selectivity is at the optimum value. 
The concentration at which the selectivity is at optimum 
may be found during the operation of the epoxidation 
process by a trial-and-error procedure, viz. by stepwise 
changing the reaction modifier supply rate and monitor- 
ing the effect on the selectivity. Such a procedure, how- 
ever, would be cumbersome, and it would keep the proc- 
ess operating for some time at conditions which are less 



than the most economical. Moreover, the trial-and-error 
procedure would need to be redone when the feed com- 
position has changed, in order to adjust the concentra- 
tion of the reaction modifier to the new reaction condi- 
5 tions. 

Summary of the Invention 

[0006] The present invention enables the operator of 

10 an epoxidation process to avoid unwanted variations in 
the selectivity when the feed composition changes by 
changing the concentration of the reaction modifier such 
that a relative quantity Q of the reaction modifier is main- 
tained substantially, preferably completely, at a constant 

15 level. Herein, the relative quantity Q is basically the ratio 
of the molar quantity of the reaction modifier in the feed 
to the molar quantity of hydrocarbons in the feed. In oth- 
er words, the teaching of the present invention is that 
the concentration of the reaction modifier needed to 

20 achieve a certain effect on the selectivity is proportional 
to the concentration of the hydrocarbons present in the 
feed and, as a consequence, this effect on the selectivity 
may be preserved when changing the feed composition 
by also changing the reaction modifier concentration 

25 proportionally or substantially proportionally with any 
change in the hydrocarbon concentration. This is inde- 
pendent of any change in the feed composition other 
than changes relating to the hydrocarbons and/or the 
reaction modifier. Thus, it is a benefit of the present in- 

30 vention that it allows the epoxidation process to be con- 
trolled significantly more simply and more smoothly than 
without the invention. 

[0007] It has also been found that in a quantitative 
sense there may be differences in the behavior of the 

35 various hydrocarbons which may be present in the re- 
action mixture, and it is therefore more preferred, when 
calculating Q, to replace the molar quantity of hydrocar- 
bons by a -so-called-effective molar quantity of hydro- 
carbons. The effective molar quantity of hydrocarbons 

40 in the feed can be calculated from the feed composition , 
as set out hereinafter, such that it accounts for differenc- 
es in the behavior between the various hydrocarbons 
present. 

[0008] Further, it has been found that in a quantitative 
45 sense there may also be differences in the behavior of 
different reaction modifiers, while in practice a mixture 
of reaction modifiers is frequently present. Therefore it 
may be preferred, when calculating Q, also to replace 
the molar quantity of the reaction modifier by a -so- 
50 called- effective molar quantity of active species of the 
reaction modifier. The effective molar quantity of active 
species of the reaction modifier in the feed can be cal- 
culated from the feed composition, as set out hereinaf- 
ter, such that it accounts for the differences in the be- 
55 havior of different reaction modifiers. 

[0009] Not wishing to be bound by theory, it is thought 
that, unlike other components of the feed, the hydrocar- 
bons (for example, the olefin and saturated hydrocar- 
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bons, if present) have an ability to remove or strip reac- 
tion modifier from the catalyst. It is the teaching of this 
invention that, in order to maintain the effects of the re- 
action modifier, it is the concentration of the modifier's 
active species on the catalyst which needs to be main- 
tained, as opposed to the concentration of the reaction 
modifier at places in the reaction mixture other than the 
catalyst surface. Differences in the ability of the various 
hydrocarbons in the removing/stripping process and dif- 
ferences in the effectiveness of the various reaction 
modifiers and their susceptibility to the removing/strip- 
ping process are thought to be accounted for by calcu- 
lating and applying the effective molar quantities, as ex- 
plained hereinbefore. 

[0010] Accordingly, the present invention provides a 
process for the epoxidation of an olefin, which process 
comprises reacting a feed comprising the olefin, oxygen 
and a reaction modifier in the presence of a silver-based 
catalyst with the reaction modifier being present in a rel- 
ative quantity Q which is the ratio of an effective molar 
quantity of active species of the reaction modifier 
present in the feed to an effective molar quantity of hy- 
drocarbons present in the feed, and which process com- 
prises the steps of: 

operating at a first operating phase wherein the val- 
ue of Q is Q 1? and 

subsequently operating at a second operating 
phase wherein the feed composition is different 
from the feed composition employed in the first op- 
erating phase, such that the value of Q is Q 2 , where- 
by the value of the quotient O^O^ is in the range of 
from 0.5 to 1 .5. 

[0011] In a particular embodiment, the second phase 
is operated at a hydrocarbon composition and a reaction 
modifier composition of the feed of which at least one is 
different from the hydrocarbon composition and the re- 
action modifier composition of the feed employed in the 
first operating phase. 

[0012] The invention also provides a system suitable 
for performing the process of this invention, which sys- 
tem comprises a reactor which holds a silver-based cat- 
alyst, means for feeding to the reactor a feed comprising 
the olefin, oxygen and a reaction modifier, and feed con- 
trol means for controlling the feed and/or the feed com- 
position, comprising modifier control means for control- 
ling the reaction modifier being present in the feed in a 
relative quantity Q which is the ratio of an effective molar 
quantity of active species of the reaction modifier 
present in the feed to an effective molar quantity of hy- 
drocarbons present in the feed, and which feed control 
means are configured such as to control the process 
steps of: 

operating at a first operating phase wherein the val- 
ue of Q is Q 1t and 

subsequently operating at a second operating 



phase wherein the feed composition is different 
from the feed composition employed in the first op- 
erating phase, such that the value of Q is Q 2 , where- 
by the value of the quotient Q^Q^ is in the range of 
5 from 0.5 to 1.5. 

[0013] The invention also provides a computer pro- 
gram product which comprises a computer readable 
medium and a computer readable program code, re- 
10 corded on the computer readable medium, suitable for 
instructing a data processing system of a computer sys- 
tem to execute calculations for the process of this inven- 
tion. 

[0014] The invention also provides a computer sys- 
15 tern which comprises the computer program product of 
this invention and a data processing system configured 
to receive instructions read from the computer program 
product. 

[0015] The invention also provides, in more general 
20 terms, a process for the epoxidation of an olefin, which 
process comprises reacting a feed comprising the ole- 
fin, oxygen and a reaction modifier in the presence of a 
silver-based catalyst, which process comprises the 
steps of: 

25 

operating at a first operating phase, and 
subsequently operating at a second operating 
phase wherein the feed composition is different 
from the feed composition employed in the first op- 
30 erating phase, such that the concentration of active 
species of the reaction modifier on the catalyst is 
substantially unchanged. 
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Detailed Description of the Invention 



[001 6] Although the present epoxidation process may 
be carried out in many ways, it is preferred to carry it out 
as a gas phase process, i.e. a process in which the feed 
is contacted in the gas phase with the catalyst which is 

^o present as a solid material, typically in a packed bed. 
Generally the process is carried out as a continuous 
process. Frequently, in commercial scale operation, the 
process of the invention may involve a quantity of cata- 
lyst which is at least 10 kg, for example at least 20 kg, 

45 frequently in the range of from 10 2 to 10 7 kg, more fre- 
quently in the range of from 10 3 to 10 6 kg. 
[0017] The olefin for use in the present epoxidation 
process may be any olefin, such as an aromatic olefin, 
for example styrene, or a di-olefin, whether conjugated 

50 or not, for example 1 ,9-decadiene or 1 ,3-butadiene. 
Typically, the olefin is a monoolefin, for example 
2-butene or isobutene. Preferably, the olefin is a mono- 
a-olefin, for example 1-butene or propylene. The most 
preferred olefin is ethylene. 

55 [0018] The olefin concentration in the feed is not ma- 
terial to this invention and may be selected within a wide 
range. Typically, the olefin concentration in the feed will 
be at most 80 mole-%, relative to the total feed. Prefer- 
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ably, it will be in the range of from 0.5 to 70 mole-%, in 
particular from 1 to 60 mole-%, on the same basis. As 
used herein, the feed is considered to be the composi- 
tion which is contacted with the catalyst. 
[0019] The present epoxidation process may be air- 
based or oxygen-based, see Kirk-Othmer's Encyclope- 
dia of Chemical Technology, 3rd ed., Vol. 9, 1980, p. 
445-447. In the air-based process air or air enriched with 
oxygen is employed as the source of the oxidizing agent 
while in the oxygen-based processes high-purity (>95 
mole-%) oxygen is employed as the source of the oxi- 
dizing agent. Presently most epoxidation plants are ox- 
ygen-based and this is a preferred embodiment of the 
present invention. 

[0020] The oxygen concentration in the feed is not 
material to this invention and may be selected within a 
wide range. However, in practice, oxygen is generally 
applied at a concentration which avoids the flammable 
regime. Typically, the concentration of oxygen applied 
will be within the range of from 1 to 1 5 mole-%, more 
typically from 2 to 12 mole-% of the total feed. 
[0021] In order to remain outside the flammable re- 
gime, the concentration of oxygen in the feed may be 
lowered as the concentration of the olefin is increased. 
The actual safe operating ranges depend, along with the 
feed composition, also on the reaction conditions such 
as the reaction temperature and the pressure. 
[0022] The reaction modifier is present in the feed for 
increasing the selectivity, suppressing the undesirable 
oxidation of olefin or olefin oxide to carbon dioxide and 
water, relative to the desired formation of olefin oxide. 
Many organic compounds, especially organic halides 
and organic nitrogen compounds, may be employed as 
the reaction modifier. Nitrogen oxides, hydrazine, hy- 
droxylamine or ammonia may be employed as well. It is 
frequently considered that under the operating condi- 
tions of olefin epoxidation the nitrogen containing reac- 
tion modifiers are precursors of nitrates or nitrites, i.e. 
they are so-called nitrate- or nitrite-forming compounds 
(cf. e.g. EP-A-3642, US-A-4822900). 
[0023] Organic halides are the preferred reaction 
modifiers, in particular organic bromides, and more in 
particular organic chlorides. Preferred organic halides 
are chlorohydrocarbons or bromohydrocarbons. More 
preferably they are selected from the group of methyl 
chloride, ethyl chloride, ethylene dichloride, ethylene di- 
bromide, vinyl chloride or a mixture thereof. Most pre- 
ferred reaction modifiers are ethyl chloride and ethylene 
dichloride. 

[0024] Suitable nitrogen oxides are of the general for- 
mula NO x wherein x, which denotes the ratio of the 
number of oxygen atoms to the number of nitrogen at- 
oms, is in the range of from 1 to 2. These nitrogen oxides 
include for example NO, N 2 0 3 and N 2 0 4 . Suitable or- 
ganic nitrogen compounds are nitro compounds, nitroso 
compounds, amines, nitrates and nitrites, for example 
nitromethane, 1-nitropropane or 2-nitropropane. In pre- 
ferred embodiments, nitrate- or nitrite-forming com- 



pounds, e.g. nitrogen oxides and/or organic nitrogen 
compounds, are used together with an organic halide, 
in particular an organic chloride. 

[0025] Although the reaction modifier may be sup- 
s plied as a single compound, upon contact with the cat- 
alyst a variety of compounds may be formed which func- 
tion as reaction modifier, and which may be present in 
the feed if a recycle is applied. For example, when ap- 
plying ethyl chloride in an ethylene oxide process, the 

io feed may in practice comprise ethyl chloride, vinyl chlo- 
ride, ethylene dichloride and methyl chloride. 
[0026] The reaction modifiers are generally effective 
when used in low concentration in the feed, for example 
up to 0.1 mole-%, relative to the total feed, for example 

is from 0.01 x10" 4 to 0.01 mole-%. In particular when the 
olefin is ethylene, it is preferred that the reaction modi- 
fier is present in the feed at a concentration of from 
0.05x1 0- 4 to 50x1 0- 4 mole-%, in particular from 
0.2X1 0" 4 to 30x1 0- 4 mole-%, relative to the total feed. 

20 [0027] In addition to the olefin, oxygen and the reac- 
tion modifier, the feed may contain one or more optional 
components, such as carbon dioxide, water, inert gases 
and saturated hydrocarbons. Carbon dioxide and water 
are by-products of the epoxidation process. Carbon di- 

25 oxide generally has an adverse effect on the catalyst 
activity. Typically, a concentration of carbon dioxide in 
the feed in excess of 25 mole-%, preferably in excess 
of 10 mole-%, relative to the total feed, is avoided. A 
concentration of carbon dioxide as low as 1 mole-% or 

30 lower, relative to the total feed, may be employed. Water 
may be introduced in the feed as a result of the recovery 
of olefin oxide and carbon dioxide from the reaction 
product. Water generally has an adverse effect on the 
catalyst activity. Typically, a concentration of water in the 

35 feed in excess of 3 mole-%, preferably in excess of 1 
mole-%, relative to the total feed, is avoided. A concen- 
tration of water as low as 0.2 mole-% or lower, relative 
to the total feed, may be employed. Inert gas, for exam- 
ple nitrogen or argon, or a mixture thereof, may be 

40 present in the feed in a concentration of from 0.5 to 95 
mole-%. In an air based process inert gas may be 
present in the feed in a concentration of from 30 to 90 
mole-%, typically from 40 to 80 mole-%. In an oxygen 
based process inert gas may be present in the feed in 

^5 a concentration of from 0.5 to 30 mole-%, typically from 
1 to 15 mole-%. Suitable saturated hydrocarbons are 
propane and cyclopropane, and in particular methane 
and ethane. If saturated hydrocarbons are present, they 
may be present in a quantity of up to 80 mole-%, relative 

so to the total feed, in particular up to 75 mole-%. Frequent- 
ly they are present in a quantity of at least 30 mole-%, 
more frequently at least 40 mole-%. Saturated hydro- 
carbons may be added to the feed in order to increase 
the oxygen flammability limit. 

55 [0028] The relative quantity Q of the reaction modifier 
is the ratio of the effective molar quantity of active spe- 
cies of the reaction modifier present in the feed to the 
effective molar quantity of hydrocarbons present in the 
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feed, both molar quantities being expressed in the same 
units, for example as mole-%, based on the total feed. 
[0029] When the reaction modifier is a halogen com- 
pound, for the purpose of calculating the effective molar 
quantity of active species of the reaction modifier and s 
the value of Q, the number of active species is deemed 
to be the number of halogen atoms, and when the reac- 
tion modifier is a nitrate- or nitrite-forming compound, 
the number of active species is deemed to be the 
number of nitrogen atoms. This implies, for example, 10 
that 1 mole of ethylene dichloride provides 2 moles of 
active species, i.e. all of the chlorine atoms present pro- 
vide an active species. On the other hand, it has also 
been found that reaction modifiers which are methyl 
compounds, such as methyl chloride and methyl bro- is 
mide, are less responsive and therefore from 2 to 5 
moles, in particular from 2.5 to 3.5 moles, suitably 3 
moles of the methyl compounds may be deemed to pro- 
vide 1 mole of the active species. This number may be 
determined and verified by routine experimentation, and 20 
-without wishing to be bound by theory- it is believed 
that this number is higher as the methyl compound in 
question has a lesser ability to split off the heteroatom 
in question (for example the halogen or nitrogen atom). 
Thus, for example, when the feed comprises 2X10" 4 25 
mole-% of ethyl chloride, 3X10" 4 mole-% of vinyl chlo- 
ride, 1X10" 4 mole-% of ethylene dichloride and 
1 .5X10 -4 mole-% of methyl chloride, the effective molar 
quantity of active species of the reaction modifier may 
be calculated to amount to 2x1 cr 4 x 1 + 3X10 -4 x 1 + 30 
1X10- 4 x 2 + 1.5X10" 4 x V 3 = 7.5X10- 4 mole-%. 
[0030] Summarizing, the effective molar quantity of 
active species of the reaction modifier present in the 
feed may be calculated by multiplying the molar quantity 
of each of the reaction modifiers present in the feed with 35 
a factor, and adding up the resulting multiplication prod- 
ucts, wherein each factor represents the number of ac- 
tive heteroatoms, in particular halogen atoms and/or ni- 
trogen atoms, present per molecule of the reaction mod- 
ifier in question, on the understanding that the factor for 40 
a reaction modifier which is a methyl compound may be 
in the range of from V 5 to more typically from V 3 5 
to V 2 5 , suitably V 3 . 

[0031] The hydrocarbons present in the feed com- 
prise the olefin and any saturated hydrocarbon present. 45 
As indicated he re in -before, it is thought that the hydro- 
carbons present in the feed have the ability to remove/ 
strip reaction modifier from the catalyst surface and the 
extent to which they have this ability may differ for the 
various hydrocarbons. In order to account for these dif- so 
ferences (relative to ethylene), the molar quantity of 
each of the hydrocarbons present is multiplied with a 
factor, before the molar quantities are added up to cal- 
culate the effective molar quantity of the hydrocarbons. 
Herein, the factor of ethylene is 1 , by definition; the fac- 55 
tor for methane may be at most 0.5, or at most 0.4, typ- 
ically in the range of from 0 to 0.2, more typically in the 
range of from 0 to 0.1; the factor for ethane may be in 
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the range of from 50 to 150, more typically from 70 to 
120; and the factor for higher hydrocarbons (i.e. having 
at least 3 carbon atoms) may be in the range of from 1 0 
to 10000, more typically from 50 to 2000. Such factors 
may be determined and verified by routine experimen- 
tation, and -without wishing to be bound by theory- it is 
believed that the factor is higher as the hydrocarbon in 
question has a greater ability to form radicals. Suitable 
factors for methane, ethane, propane and cyclopro- 
pane, relative to ethylene, are 0.3, 85, 1000, and 60, 
respectively. As an example, when the feed comprises 
30 mole-% ethylene, 40 mole-% of methane, 0.4 mole- 
% of ethane and 0.0001 mole-% of propane, the effec- 
tive molar quantity of the hydrocarbons may be calcu- 
lated to amount to 30 x 1 + 40 x 0.1 + 0.4 x 85 + 0.0001 
x 1000 = 68.1 mole-%. 

[0032] It is noted that when ethylene oxide is pro- 
duced from ethylene without further hydrocarbons being 
present, the effective molar quantity of the hydrocar- 
bons equals the actual molar quantity, and that the ad- 
dition of ethane or higher hydrocarbons to an ethylene 
feed contributes significantly to the effective molar 
quantity, whereas there is relatively little contribution 
from any methane added. 

[0033] Eligible values of Q are at least 1 x 1 0' 6 , and in 
particular at least 2x1 0~ 6 . Eligible values of Q are at 
most 100X10" 6 , and in particular at most 50x1 0 6 . 
[0034] In any operating phase of the process the con- 
centration of the reaction modifier and, thus, the value 
of Q may be adjusted so as to achieve an optimal se- 
lectivity towards the olefin oxide formation, for the pre- 
vailing reaction conditions. This relates in particular to 
embodiments of this invention in which the catalyst is a 
highly selective silver based catalyst, as defined here- 
inafter. 

[0035] In accordance with this invention, when the 
feed composition changes, the concentration of the re- 
action modifier may be changed as well, such that the 
value of Q is not substantially changed, which means 
that Q A is approximately equal, or preferably equal to 
Q 2 . Preferably, the value of the quotient Q^Q, is in the 
range of from 0.8 to 1.2, in particular from 0.9 to 1.1, 
more in particular from 0.95 to 1 .05. Most preferably the 
value of the quotient Q2/Q1 equals 1 . 
[0036] In this way the present invention enables to de- 
termine by calculation a desirable composition of the re- 
action modifier(s) or the hydrocarbon(s) in the feed 
which may be applied in the second operating phase of 
the epoxidation process, in response to a change in the 
feed composition as regards the quantity or type of the 
components of the feed. In a preferred embodiment, a 
desirable concentration of the reaction modifier(s) in the 
feed is calculated which may be applied in the second 
operating phase, in response to a change in the quantity 
or type of hydrocarbon(s) present in the feed. In another 
embodiment, a desirable concentration of the hydrocar- 
bon^) in the feed is calculated which may be applied in 
the second operating phase, in response to a change in 
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the quantity or type of the reaction modifier(s) present 
in the feed. In again another embodiment, a desirable 
concentration of the reaction modifiers) in the feed is 
calculated which may be applied in the second operat- 
ing phase, in response to a change in the type of the 
reaction modifier(s) present in the feed, while it is pre- 
ferred not to change the quantity or type of the hydro- 
carbons). In again another embodiment, a desirable 
concentration of the hydrocarbon(s) in the feed is cal- 
culated which may be applied in the second operating 
phase, in response to a change in the type of hydrocar- 
bon^) present in the feed, while it is preferred not to 
change the quantity or type of the reaction modifier(s). 
[0037] There may be various reasons for the occur- 
rence of changes in the feed composition. For example, 
by changing the oxygen concentration or the olefin con- 
centration the production rate of the olefin oxide may be 
controlled, or changing the concentration of saturated 
hydrocarbons may change the flammability limits. The 
carbon dioxide concentration in the feed may change as 
a result of catalyst ageing. The concentration of inert 
gases in the feed may change as a result of a change 
in the concentration of such gases in the oxygen sup- 
plied to the process. Further, when a high selectivity cat- 
alyst is applied, the selectivity may be improved at an 
advanced stage of ageing of the catalyst by increasing 
the ethylene content of the feed (cf. US-6372925-B1 
and WO- A-0 1/96324, i.e. non-prepublished PCT patent 
application PCT/US01/18097). By applying this inven- 
tion when the process is operating at optimal selectivity, 
the change in the feed composition leads to less devia- 
tion of the selectivity from the optimum or even the se- 
lectivity may be maintained at the optimum level. By ap- 
plying this invention when the process is not operating 
at optimal selectivity, application of this invention pre- 
vents the process from deviating further away from the 
optimum selectivity. 

[0038] Any change in the feed composition may be 
gradual, or step wise, and any change in the feed com- 
position may be accompanied with a corresponding 
change in the concentration of the reaction modifier, 
such that the value of Q is substantially unchanged or it 
is kept constant. Generally, the change in the feed com- 
position is accompanied with a cocurrent change in the 
concentration of the reaction modifier. 
[0039] The present epoxidation process may be car- 
ried out using reaction temperatures selected from a 
wide range. Preferably the reaction temperature is in the 
range of from 180 to 340 °C, more preferably in the 
range of from 190 to 325 °C, in particular in the range 
of from 200 to 300 °C. Preferably, as the catalyst ages, 
the reaction temperature is slowly increased as to com- 
pensate for a reduction in the activity of the catalyst. 
However, it is preferred that the change in the feed com- 
position occurs substantially without a change in the re- 
action temperature. Frequently a change in reaction 
temperature, if any, accompanying the change in the 
feed composition, may be less than 10 °C, more fre- 



quently less than 5 °C, in particular less than 2 °C. Most 
preferably, the change in the feed composition is effect- 
ed without a change in the reaction temperature at all. 
[0040] Generally, the silver based catalyst is a sup- 
s ported catalyst. The support may be selected from a 
wide range of inert support materials. Such support ma- 
terials may be natural or artificial inorganic materials and 
they include silicon carbide, clays, pumice, zeolites, 
charcoal and alkaline earth metal carbonates, such as 

10 calcium carbonate. Preferred are refractory support ma- 
terials, such as alumina, magnesia, zirconia and silica. 
The most preferred support material is a-alumina. 
[0041] The support material is preferably porous and 
has preferably a surface area, as measured by the B.E. 

*s T. method, of less than 20 m 2 /g and in particular from 
0.05 to 20 m 2 /g. More preferably the B.E.T. surface area 
of the support is in the range of 0.1 to 10, in particular 
from 0.1 to 3.0 m 2 /g. As used herein, the B.E.T. surface 
area is deemed to have been measured by the method 

20 as described in Brunauer, Emmet and Teller in J. Am. 
Chem . Soc. 60 (1938) 309-316. 
[0042] The silver based catalyst preferably comprises 
silver and a further element or compound thereof. Eligi- 
ble further elements are selected from the group of ni- 

25 trogen, sulfur, phosphorus, boron, fluorine, Group IA 
metals, Group IIA metals, rhenium, molybdenum, tung- 
sten, chromium, titanium, hafnium, zirconium, vanadi- 
um, thallium, thorium, tantalum, niobium, gallium and 
germanium and mixtures thereof. Preferably the Group 

30 ia metals are selected from lithium, potassium, rubidium 
and cesium. Most preferably the Group IA metal is lith- 
ium, potassium and/or cesium. Preferably the Group IIA 
metals are selected from calcium and barium. Where 
possible, the further element may suitably be provided 

35 as an oxyanion, for example as a sulfate, borate, per- 
rhenate, molybdate or nitrate, in salt or acid form. 
[0043] It is preferred to employ highly selective silver- 
based catalysts. The highly selective silver-based cata- 
lysts comprise, in addition to silver, one or more of rhe- 

40 nium, molybdenum, tungsten, a Group IA metal, and a 
nitrate- or nitrite-forming compound, which may each be 
present in a quantity of from 0.01 to 500 mmole/kg, cal- 
culated as the element (rhenium, molybdenum, tung- 
sten, the Group I A metal or nitrogen) on the total cata- 

45 |yst. The nitrate- or nitrite-forming compounds and par- 
ticular selections of nitrate- or nitrite-forming com- 
pounds are as defined hereinbefore. Rhenium, molyb- 
denum, tungsten or the nitrate- or nitrite-forming com- 
pound may suitably be provided as an oxyanion, i.e. as 

50 a perrhenate, molybdate, tungstate or nitrate, in salt or 
acid form. 

[0044] Of special preference are the highly selective 
silver based catalysts which comprise rhenium in addi- 
tion to silver. Such catalysts are known from EP-A- 
55 26601 5. Broadly, they comprise silver, rhenium or com- 
pound thereof, the further element (as defined herein- 
before) other than rhenium or compound thereof and op- 
tionally a rhenium co-promoter which may be selected 
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from one or more of sulfur, phosphorus, boron, and com- 
pounds thereof. 

[0045] Preferred amounts of the components of the 
silver based catalysts are, when calculated as the ele- 
ment on the total catalyst: 

silver from 1 0 to 500 g/kg, 
if present, rhenium from 0.01 to 50 mmole/kg, 
if present, the further element or elements from 0. 1 
to 500 mmole/kg each, and, 
if present, the rhenium co-promoter or co-promot- 
ers from 0.1 to 30 mmole/kg each. 

[0046] The present epoxidation process is preferably 
carried out at a reactor inlet pressure in the range of 
from 1000 to 4000 kPa. "GHSV or Gas Hourly Space 
Velocity is the unit volume of gas at normal temperature 
and pressure (0 °C, 1 atm, i.e. 101 .3 kPa) passing over 
one unit volume of packed catalyst per hour. Preferably, 
when the epoxidation process is as a gas phase process 
involving a packed catalyst bed, the GHSV is in the 
range of from 1500 to 10000 Nl/(Lh). Preferably, the 
process of this invention is carried out at a work rate in 
the range of from 0.5 to 10 kmole olefin oxide produced 
per m 3 of catalyst per hour, in particular 0.7 to 8 kmole 
olefin oxide produced per m 3 of catalyst per hour, for 
example 5 kmole olefin oxide produced per m 3 of cata- 
lyst per hour. As used herein, the work rate is the amount 
of the olefin oxide produced per unit volume of catalyst 
per hour and the selectivity is the molar quantity of the 
olefin oxide formed relative to the molar quantity of the 
olefin converted. 

[0047] The olefin oxide produced may be recovered 
from the reaction product by using methods known in 
the art, for example by absorbing the olefin oxide from 
a reactor outlet stream in water and optionally recover- 
ing the olefin oxide from the aqueous solution by distil- 
lation. At least a portion of the aqueous solution contain- 
ing the olefin oxide may be applied in a subsequent 
process for converting the olefin oxide into a 1 ,2-diol or 
a 1 ,2-diol ether. 

[0048] The olefin oxide produced in the present epox- 
idation process may be converted into a 1 ,2-diol or into 
a 1 ,2-diol ether. As this invention leads to a more attrac- 
tive process for the production of the olefin oxide, it con- 
currently leads to a more attractive process which com- 
prises producing the olefin oxide in accordance with the 
invention and the subsequent use of the obtained olefin 
oxide in the manufacture of the 1 ,2-diol and/or 1 ,2-diol 
ether. 

[0049] The conversion into the 1 ,2-diol or the 1 ,2-diol 
ether may comprise, for example, reacting the olefin ox- 
ide with water, suitably using an acidic or a basic cata- 
lyst. For example, for making predominantly the 1 ,2-diol 
and less 1 ,2-diol ether, the olefin oxide may be reacted 
with a ten fold molar excess of water, in a liquid phase 
reaction in presence of an acid catalyst, e.g. 0.5-1 .0 %w 
sulfuric acid, based on the total reaction mixture, at 
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50-70 °C at 1 bar absolute, or in a gas phase reaction 
at 1 30-240 °C and 20-40 bar absolute, preferably in the 
absence of a catalyst. If the proportion of water is low- 
ered the proportion of 1 ,2-diol ethers in the reaction mix- 

5 ture is increased. The 1 ,2-diol ethers thus produced may 
be a di-ether, tri-ether, tetra-ether or a subsequent ether. 
Alternative 1 ,2-diol ethers may be prepared by convert- 
ing the olefin oxide with an alcohol, in particular a pri- 
mary alcohol, such as methanol or ethanol, by replacing 

10 at least a portion of the water by the alcohol. 

[0050] The 1 ,2-diol and the 1 ,2-diol ether may be used 
in a large variety of industrial applications, for example 
in the fields of food, beverages, tobacco, cosmetics, 
thermoplastic polymers, curable resin systems, deter- 

is gents, heat transfer systems, etc. 

[0051] Unless specified otherwise, the organic com- 
pounds mentioned herein, for example the olefins, 
1 ,2-diols, 1 ,2-diol ethers and reaction modifiers, have 
typically at most 40 carbon atoms, more typically at most 

20 20 carbon atoms, in particular at most 1 0 carbon atoms, 
more in particular at most 6 carbon atoms. As defined 
herein, ranges for numbers of carbon atoms (i.e. carbon 
number) include the numbers specified for the limits of 
the ranges. 

25 [0052] The computer program product of this inven- 
tion comprises a computer readable medium and a com- 
puter readable program code, recorded on the computer 
readable medium, suitable for instructing a data 
processing system to execute the calculations in con- 

30 nection with the process of this invention. In a preferred 
embodiment, the computer program product comprises, 
in addition, a computer readable program code, record- 
ed on the computer readable medium, suitable for in- 
structing the data processing system to control the proc- 

35 ess of this invention. The computer readable medium 
may be readable, for example, by means of an optical 
system or by means of a magnetic system. The compu- 
ter program product may be in the form of a disk which 
is a permanent entity of the computer system of this in- 

40 vention, or it may be a disk which is insertable into the 
computer system. The feed control means may be con- 
figured such that they communicate with the computer 
system of this invention facilitating the control of the 
process steps of the process of this invention. 

45 [0053] The following example will illustrate the inven- 
tion. 

Example (hypothetical) 

so [0054] A catalyst, as defined in EP-A-266015, con- 
taining silver, rhenium, cesium, lithium and sulfur on a- 
alumina and having a theoretical selectivity S 0 of 93% 
in the fresh state is employed in the following experi- 
ment. The above value of S 0 was determined by meas- 

55 uring selectivities in a range of gas hourly space veloc- 
ities, each time at 30% ethylene, 8% oxygen, 5% carbon 
dioxide and 1400 kPa, the reaction temperature being 
260 °C, and extrapolating back to zero oxygen conver- 
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is ethylene, and wherein the reaction modifier com- 
prises an organic chloride and optionally a nitrate- 
or nitrite-forming compound. 

5 3. A process as claimed in claim 2, wherein the reac- 
tion modifier consists of chlorohydrocarbons having 
up to 10 carbon atoms, in particular up to 6 carbon 
atoms, which comprise one or more of methyl chlo- 
ride, ethyl chloride, ethylene dichloride and vinyl 

10 chloride. 

4. A process as claimed in any otclaims 1-3, wherein 
the effective molar quantity of active species of the 
reaction modifier present in the feed can be calcu- 

15 lated by multiplying the molar quantity of each of the 
reaction modifiers present in the feed with a factor, 
and adding up the resulting multiplication products, 
wherein each factor represents the number of ac- 
tive heteroatoms, in particular sulfur and/or nitrogen 

20 atoms, present per molecule of the reaction modifi- 
er in question, on the understanding that the factor 
for a reaction modifier which is a methyl compound, 
if present, is in the range of from V 5 to V 2 , in partic- 
ular in the range of from 1 / 3 5 to V 2 5 . 

25 

5. A process as claimed in any of claims 1 -4, wherein 
the effective molar quantity of hydrocarbons 
present in the feed can be calculated by multiplying 
the molar quantity of each of the hydrocarbons 

30 present in the feed with a factor, and adding up the 
resulting multiplication products, wherein the factor 
for methane, if present, is in the range of from 0.1 
to 0.5; the factor for ethane, if present, is in the 
range of from 50 to 150; and the factor for hydro- 

35 carbons having at least 3 carbon atoms, if present, 
is in the range of from 1 0 to 1 0000, all factors being 
relative to the factor for ethylene, which equals 1, 
by definition. 

40 6. A process as claimed in claim 5, wherein the factor 
for methane, if present, is in the range of from 0 to 
0.4; the factor for ethane, if present, is in the range 
of from 70 to 120; and the factor for the hydrocar- 
bons having at least 3 carbon atoms, if present, is 

45 in the range of from 50 to 2000, all factors being 
relative to the factor for ethylene, which equals 1, 
by definition. 



sion. 

[0055] In the experiment ethylene oxide is produced 
as follows. A 1 -kg sample of the catalyst is loaded into 
a tubular reactor consisting of a stainless steel tube. The 
tube is immersed in a boiling kerosene containing cool- 
ing jacket and the ends are connected to a gas flow sys- 
tem. The inlet gas flow rate is adjusted as to achieve a 
gas hourly space velocity of 6800 Nl /(l.h). The inlet pres- 
sure is 2100 kPa (absolute). The feed to the reactor 
comprises ethylene at a concentration of 28 mole-%, ox- 
ygen at a concentration of 8 mole-%, carbon dioxide at 
a concentration of 3 mole-%, ethane at a concentration 
of 0.5 mole-%, ethyl chloride at a concentration of 
3X10" 4 mole-%, ethylene dichloride at a concentration 
of 0.5 x 1 0 -4 mole-%, vinyl chloride at a concentration of 
1 x 10 -4 mole-%, and methyl chloride at a concentration 
of 2x1 0 -4 mole-%, and the remainder of the feed is ni- 
trogen. The reaction temperature is 250 °C. The selec- 
tivity to ethylene oxide is optimal in respect of the chlo- 
rides. The value of Q (i.e. Q A ) equals (3x10 -4 x 1 + 
0.5X10" 4 x 2 + 1x10~ 4 x 1 + 
2X1 0- 4 x V 3 )/(28 x 1 +0.5 x 85) = 8.04x1 0" 6 . 
[0056] At a certain point in time the feed composition 
changes such that ethylene is present at a concentration 
of 25 mole-% and ethane at a concentration of 0.7 mole- 
%, the concentration of the other constituents being held 
constant, except ethyl chloride. In order to keep the se- 
lectivity at an optimum level, the ethyl chloride concen- 
tration is adjusted to 4.1 X10 -4 mole-%. After these 
changes, the value of Q (i.e. Q 2 ) equals (4.1 X10" 4 x 1 
+ 0.5X10" 4 x 2 + 
1X10" 4 x 1 +2X10" 4 x V3)/ 
(25 X 1 + 0.7 X 85) = 8.01 X10" 6 . 



Claims 

1. A process for the epoxidation of an olefin, which 
process comprises reacting a feed comprising the 
olefin, oxygen and a reaction modifier in the pres- 
ence of a silver-based catalyst with the reaction 
modifier being present in a relative quantity Q which 
is the ratio of an effective molar quantity of active 
species of the reaction modifier present in the feed 
to an effective molar quantity of hydrocarbons 
present in the feed, and which process comprises 
the steps of: 

operating at a first operating phase wherein the 
value of Q is Q 1f and 

subsequently operating at a second operating 
phase wherein the feed composition is different 
from the feed composition employed in the first 
operating phase, such that the value of Q is Q 2 , 
whereby the value of the quotient Q^Q-, is in 
the range of from 0.5 to 1 .5. 

2. A process as claimed in claim 1 , wherein the olefin 



7. A process as claimed in any of claims 1 -6, wherein 
so the relative quantity Q is in the range of from 1 x 1 0" 6 

to 100X10 -6 , in particular in the range of from 
2xl0' € to50xl0- 6 . 

8. A process as claimed in any of claims 1 -7, wherein 
55 the hydrocarbons present in the feed comprise one 

or more of methane, ethane, propane and cyclopro- 
pane, in addition to the olefin. 
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9. A process as claimed in any of claims 1 -8, wherein 
such a value of Q 1 is employed that the selectivity 
towards the olefin oxide formation is optimal. 

10. A process according to any of claims 1-9, wherein 
the value of the quotient Qg/Q-j is in the range of 
from 0.8 to 1 .2, in particular in the range of from 0.9 
to 1.1, more in particular in the range of from 0.95 
to 1.05. 

1 1 . A process according to any of claims 1 -1 0, wherein 
the second phase is operated at a hydrocarbon 
composition and a reaction modifier composition of 
the feed of which at least one is different from the 
hydrocarbon composition and the reaction modifier 
composition of the feed employed in the first oper- 
ating phase. 

12. A process according to claim 11, wherein the con- 
centration of the reaction modifier(s) in the feed ap- 
plied in the second operating phase is calculated, 
in response to a change in the quantity or type of 
hydrocarbon(s) present in the feed. 

13. A process according to any of claims 1 -1 2, wherein 
the silver based catalyst comprises silver and a fur- 
ther element or compound thereof, which further el- 
ement is selected from the group of nitrogen, sulfur, 
phosphorus, boron, fluorine, Group IA metals, 
Group IIA metals, rhenium, molybdenum, tungsten, 
chromium, titanium, hafnium, zirconium, vanadium, 
thallium, thorium, tantalum, niobium, gallium and 
germanium and mixtures thereof, on a support, in 
particular an a-alumina support. 

14. A process according to claim 13, wherein the silver 
based catalyst comprises silver, rhenium or com- 
pound thereof, a further element or compound 
thereof which further element is selected from the 
group of nitrogen, sulfur, phosphorus, boron, fluo- 
rine, Group IA metals, Group IIA metals, molybde- 
num, tungsten, chromium, titanium, hafnium, zirco- 
nium, vanadium, thallium, thorium, tantalum, nio- 
bium, gallium and germanium and mixtures thereof, 
and optionally a rhenium co-promoter which may be 
selected from one or more of sulfur, phosphorus, 
boron, or compound thereof, on a support material, 
in particular an a-alumina support. 

15. A process according to claim 1 for the epoxidation 
of an olefin, which process comprises reacting a 
feed comprising the olefin, oxygen and a reaction 
modifier in the presence of a silver-based catalyst, 
which process comprises the steps of: 

operating at a first operating phase, and 
subsequently operating at a second operating 
phase wherein the feed composition is different 



from the feed composition employed in the first 
operating phase such that the concentration of 
active species of the reaction modifier on the 
catalyst is substantially unchanged. 

5 

16. A method for making a 1,2-diol or a 1,2-diol ether 
comprising converting an olefin oxide into the 
1 ,2-diol or the 1 ,2-diol ether, wherein the olefin ox- 
ide has been obtained by a process for the produc- 

10 tion of olefin oxide according to any of claims 1-15. 

17. A system suitable for performing a process accord- 
ing to any of claims 1-15, which system comprises 
a reactor which holds a silver-based catalyst, 

is means for feeding to the reactor a feed comprising 
the olefin, oxygen and a reaction modifier, and feed 
control means for controlling the feed and/or the 
feed composition, comprising modifier control 
means for controlling the reaction modifier being 
20 present in the feed in a relative quantity Q which is 
the ratio of an effective molar quantity of active spe- 
cies of the reaction modifier present in the feed to 
an effective molar quantity of hydrocarbons present 
in the feed, and which feed control means are con- 
25 figured such as to control the process steps of: 

operating at a first operating phase wherein the 
value of Q is Q 1 , and 

subsequently operating at a second operating 
30 phase wherein the feed composition is different 

from the feed composition employed in the first 
operating phase, such that the value of Q is Q 2 , 
whereby the value of the quotient Q^O^ is in 
the range of from 0.5 to 1 .5. 

35 

18. A computer program product which comprises a 
computer readable medium and a computer reada- 
ble program code, recorded on the computer read- 
able medium, suitable for instructing a data 

40 processing system of a computer system to execute 
calculations for the process according to any of 
claims 1-15. 

1 9. A computer program product as claimed in claim 20, 
45 which comprises, in addition, a computer readable 

program code, recorded on the computer readable 
medium, suitable for instructing the data processing 
system to control a process according to any of 
claims 1-15. 

50 

20. A computer system which comprises a computer 
program product and a data processing system 
configured to receive instructions read from the 
computer program product, wherein the computer 

55 program product is as claimed in claim 18 or 19. 
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Patentanspruche 

1 . Verfahren zur Epoxidierung eines Olefins, welches 
Verfahren das Umsetzen eines Einsatzmaterials, 
das das Olefin, Sauerstoff und ein Reaktionsmodi- 
fikationsmittel umfaBt, in Gegenwart eines auf Sil- 
ber basierenden Katalysators umfaBt, wobei das 
Reaktionsmodifikationsmittel in einer relativen 
Menge Q vorhanden ist, welche das Verhaltnis ei- 
ner effektiven molaren Menge an aktiver Spezies 
des im Einsatzmaterial vorhandenen Reaktionsmo- 
difikationsmittels zu einer effektiven molaren Men- 
ge an im Einsatzmaterial vorhandenen Kohlenwas- 
serstoffen ist, und welches Verfahren die Schritte 
von: 

Durchfuhren einer ersten Betriebsphase, worin 
der Wert von Q ist, und 
darauffolgendes Durchfuhren einer zweiten 
Betriebsphase, worin die Einsatzmaterialzu- 
sammensetzung von der in der ersten Betriebs- 
phase angewandten Einsatzmaterialzusam- 
mensetzung verschieden ist, sodaB der Wert 
von Q Q 2 ist, wodurch der Wert des Quotienten 
Q^Qt im Bereich von 0,5 bis 1 ,5 betragt. 

2. Verfahren nach Anspruch 1 , worin das Olefin Ethy- 
len ist und worin das Reaktionsmodifikationsmittel 
ein organisches Chlorid und wahlweise eine nitrat- 
oder nitritausbildende Verbindung umfaBt. 

3. Verfahren nach Anspruch 2, worin das Reaktions- 
modifikationsmittel aus Chlorkohlenwasserstoffen 
mit bis zu 10 Kohlenstoffatomen, insbesondere bis 
zu 6 Kohlenstoffatomen besteht, welche einen oder 
mehrere von Methylchlorid, Ethylchlorid, Ethylen- 
chlorid und Vlnylchlorid umfassen. 

4. Verfahren nach einem der Anspruche 1 bis 3, worin 
die effektive molare Menge an aktiven Spezies des 
im Einsatzmaterial vorhandenen Reaktionsmodifi- 
kationsmittels durch Multiplizieren der molaren 
Menge von jedem der im Einsatzmaterial vorhan- 
denen Reaktionsmodifikationsmittel mit einem Fak- 
tor, und Addieren der resultierenden Multiplikati- 
onsergebnisse berechnet werden kann, wobei je- 
der Faktordie Anzahl an aktiven Heteroatomen dar- 
stellt, insbesondere an den jeweiligen Schwefel- 
und/oder Stickstoffatomen, welche pro Molekul des 
in Frage kommenden Reaktionsmodifikationsmit- 
tels vorhanden sind, unter der Voraussetzung, daB 
der Faktor fur ein Reaktionsmodifikationsmittel, 
welches eine Methylverbindung ist, wenn diese vor- 
handen ist, im Bereich von 1/5 bis 1/2, insbesonde- 
re im Bereich von 1/3,5 bis 1/2,5 liegt. 

5. Verfahren nach einem der Anspruche 1 bis 4, worin 
die effektive molare Menge an im Einsatzmaterial 



vorhandenen Kohlenwasserstoffen durch Multipli- 
zieren der molaren Menge von jedem der im Ein- 
satzmaterial vorhandenen Kohlenwasserstoffe mit 
einem Faktor, und Addieren dererhaltenen Multipli- 

s kationsprodukte berechnet werden kann, wobei der 
Faktor fur Methan, wenn dieses vorhanden ist, im 
Bereich von 0,1 bis 0,5 liegt; der Faktor fur Ethan, 
wenn dieses vorhanden ist, im Bereich von 50 bis 
1 50 liegt, und der Faktor fur Kohlenwasserstoffe mit 

10 wenigstens 3 Kohlenstoffatomen, wenn diese vor- 
handen sind, im Bereich von 1 0 bis 1 0.000 liegt, wo- 
bei alle Faktoren relativ zum Faktor fur Ethylen sind, 
welcher per Definition 1 entspricht. 

15 6. Verfahren nach Anspruch 5, worin der Faktor fur 
Methan, wenn dieses vorhanden ist, im Bereich von 
0 bis 0,4 liegt, der Faktor fur Ethan, wenn dieses 
vorhanden ist, im Bereich von 70 bis 120 liegt, und 
der Faktor fur die Kohlenwasserstoffe mit wenig- 

20 stens 3 Kohlenstoffatomen, wenn diese vorhanden 
sind, im Bereich von 50 bis 2.000 liegt, wobei alle 
Faktoren relativ zum Faktor fur Ethylen sind, wel- 
cher per Definition 1 entspricht. 

25 7. Verfahren nach einem der Anspruche 1 bis 6, worin 
die relative Menge Q im Bereich von 1x10" 6 bis 
100x10" 6 , insbesondere im Bereich von 2x1 0 6 bis 
50x1 0- 6 liegt. 

30 8. Verfahren nach einem der Anspruche 1 bis 7, worin 
die im Einsatzmaterial vorhandenen Kohlenwas- 
serstoffe einen oder mehrere von Methan, Ethan, 
Propan und Cyclopropan, zusatzlich zum Olefin 
umfassen. 

35 

9. Verfahren nach einem der Anspruche 1 bis 8, worin 
ein derartiger Wert von Q 1 angewandt wird, daB die 
Selektivitat hin zur Olefinoxidbildung optimal ist. 

40 1 o. Verfahren nach einem der Anspruche 1 bis 9, worin 
der Wert des Quotienten Q^O^ im Bereich von 0,8 
bis 1 ,2, insbesondere im Bereich von 0,9 bis 1 ,1 , in 
noch besonderer Weise im Bereich von 0,95 bis 
1 ,05 liegt. 

45 

1 1 . Verfahren nach einem der Anspruche 1 bis 1 0, wor- 
in die zweite Phase bei einer Kohlenwasserstoffzu- 
sammensetzung und einer Reaktionsmodifikati- 
onsmittelzusammensetzung des Einsatzmaterials 

50 durchgefuhrt wird, wovon wenigstens eine von der 
Kohlenwasserstoffzusammensetzung und der 
Reaktionsmodifikationsmittelzusammensetzung 
des in der ersten Betriebsphase angewandten Ein- 
satzmaterials verschieden ist. 

55 

12. Verfahren nach Anspruch 11, worin die Konzentra- 
tion des Reaktionsmodifikationsmittels (der Reakti- 
onsmodifikationsmittel) im Einsatzmaterial, wel- 
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ches in derzweiten Betriebsphase angewandt wird, 
als Antwort auf eine Anderung in der Menge Oder 
dem Typ des (der) im Einsatzmaterial vorhandenen 
Kohlenwasserstoffs (Kohlenwasserstoffe), berech- 
net wird. 

13. Verfahren nach einem der Anspruche 1 bis12,wor- 
in der auf Silber basierende Katalysator Silber und 
ein weiteres Element oder eine Verbindung hievon, 
welches weitere Element von der aus Stickstoff, 
Schwefel, Phosphor, Bor, Fluor, Gruppe lA-Metal- 
len, Gruppe IIA-Metallen, Rhenium, Molybdan, 
Wolfram, Chrom, Titan, Hafnium, Zirconium, Vana- 
dium, Thallium, Thorium, Tantai, Niob, Gallium und 
Germanium und Gemischen hievon bestehenden 
Gruppe ausgewahlt ist, auf einem Trager, insbeson- 
dere einem cc-Aluminiumoxidtrager, umfaBt. 

14. Verfahren nach Anspruch 13, worin der auf Silber 
basierende Katalysator Silber, Rhenium oder eine 
Verbindung hievon, ein weiteres Element oder eine 
Verbindung hievon, welches weitere Element von 
der aus Stickstoff, Schwefel, Phosphor, Bor, Fluor, 
Gruppe lA-Metallen, Gruppe IIA-Metallen, Molyb- 
dan, Wolfram, Chrom, Titan, Hafnium, Zirconium, 
Vanadium, Thallium, Thorium, Tantai, Niob, Gallium 
und Germanium und Gemischen hievon bestehen- 
den Gruppe ausgewahlt ist, und wahlweise einen 
Rhenium-Co-Promotor, welcher unter einem oder 
mehreren von Schwefel, Phosphor, Bor oder einer 
Verbindung hievon ausgewahlt sein kann, auf ei- 
nem Tragermaterial, insbesondere einem a-Alumi- 
niumoxidtrager, umfaBt. 

15. Verfahren nach Anspruch 1 zur Epoxidierung eines 
Olefins, welches Verfahren das Umsetzen eines 
das Olefin, Sauerstoff und ein Reaktionsmodifikati- 
onsmittel umfassenden Einsatzmaterials in Gegen- 
wart eines auf Silber basierenden Katalysators um- 
faBt, welches Verfahren die Schritte von: 

Durchfuhren einer ersten Betriebsphase, und 
darauffolgendes Durchfuhren einer zweiten 
Betriebsphase umfaBt, worin die Einsatzmate- 
rialzusammensetzung von der in der ersten Be- 
triebsphase angewandten Einsatzmateriaizu- 
sammensetzung verschieden ist, derart, daB 
die Konzentration an aktiven Spezies des Re- 
aktionsmodifikationsmittels auf dem Katalysa- 
tor im wesentlichen unverandert ist. 

16. Verfahren zur Herstellung eines 1,2-Diols oder ei- 
nes 1 ;2-Diolethers, umfassend das Umwandeln ei- 
nes Olefinoxids in den 1 ,2-Diol oder den 1 ,2-Diole- 
ther, wobei das Olefinoxid durch ein Verfahren zur 
Herstellung eines Olefinoxids nach einem der An- 
spruche 1 bis 15 erhalten wurde. 



17. Ein System, welches zur Durchfuhrung eines Ver- 
fahrens nach einem der Anspruche 1 bis 15 geeig- 
net ist, welches System einen Reaktor, der einen 
auf Silber basierenden Katalysator enthalt, Mittel 

5 zum Zufuhren eines Einsatzmaterials, welches das 

Olefin, Sauerstoff und ein Reaktionsmodifikations- 
mittel umfaBt, zu dem Reaktor, und Einsatzmateri- 
alsteuerungsmittel zur Steuerung des Einsatzmate- 
rials und/oder der Einsatzmaterialzusammenset- 

10 zung umfaBt, umfassend Modifikationsmittelsteue- 
rungsmittel zum Steuern des im Einsatzmaterial in 
einer relativen Menge Q vorhandenen Reaktions- 
modifikationsmittels, welche relative Menge Q das 
Verhaltnis einer effektiven molaren Menge an akti- 

15 ven Spezies des im Einsatzmaterial vorhandenen 
Reaktionsmodifikationsmittels zu einer effektiven 
molaren Menge an im Einsatzmaterial vorhande- 
nen Kohlenwasserstoffen ist, und welche Einsatz- 
materialsteuerungsmittel derart konfiguriert sind, 

20 daB die Verfahrensschritte von: 

Durchfuhren einer ersten Betriebsphase, worin 

der Wert von Q Q 1 ist, und 

darauffolgendes Durchfuhren einer zweiten 

25 Betriebsphase, worin die Einsatzmaterialzu- 

sammensetzung von der in der ersten Betriebs- 
phase angewandten Einsatzmaterialzusam- 
mensetzung verschieden ist, sodaB der Wert 
von Q Q 2 ist, wodurch der Wert des Quotienten 

30 Q 2 /Q 1 im Bereich von 0,5 bis 1 ,5 liegt, 

gesteuert werden. 

18. Computerprogrammprodukt, welches ein compu- 
35 terlesbares Medium und einen computerlesbaren 

Programmcode umfaBt, welcher auf dem compu- 
terlesbaren Medium aufgezeichnet ist, welches zur 
Steuerung eines Datenverarbeitungssystems eines 
Computersystems geeignet ist, um Berechnungen 
40 fur das Verfahren nach einem der Anspruche 1 bis 
15 auszufuhren. 

19. Computerprogrammprodukt nach Anspruch 20, 
welches zusatzlich einen computerlesbaren Pro- 

45 grammcode, der auf einem computerlesbaren Me- 
dium aufgezeichnet ist, umfaBt, der zur Steuerung 
des Datenverarbeitungssystems zur Uberwa- 
chung/Steuerung eines Verfahrens nach einem der 
Anspruche 1 bis 15 geeignet ist. 

50 

20. Computersystem, welches ein Computerpro- 
grammprodukt und ein Datenverarbeitungssystem 
umfaBt, welches konfiguriert ist, um vom Compu- 
terprogrammprodukt abgelesene Instruktionen zu 

55 erhalten, wobei das Computerprogrammprodukt 
ein solches ist, wie es in Anspruch 18 oder 19 be- 
ansprucht ist. 



21 



EP 1 458 698 B1 



22 



Revendications 

1. Procede d'epoxydation d'une olefine, lequel prece- 
de comprend la mise en reaction d'une charge com- 
prenant I'olefine, de I'oxygene et un modificateur de s 
reaction en presence d'un catalyseur a base d'ar- 
gent, le modificateur de reaction etant present en 
quantite relative Q qui est le rapport d'une quantite 
molaire efficace d'especes actives du modificateur 

de reaction presentes dans la charge a une quantite 10 
molaire efficace d'hydrocarbures presents dans la 
charge, lequel procede comprend les etapes 
suivantes : 

un fonctionnement dans une premiere phase 15 
operatoire dans laquelle la valeur de Q est Q lf 
et 

ensuite, un fonctionnement dans une seconde 
phase operatoire dans laquelle la composition 
de la charge est differente de la composition de 20 
la charge employee dans la premiere phase 
operatoire de sorte que la valeur de Q soit Q 2 , 
la valeur du quotient Q^C^ se situant dans la 
plage de 0,5 a 1,5. 

25 

2. Procede selon la revendication 1 , dans lequel I'ole- 
fine est ('ethylene et dans lequel le modificateur de 
reaction comprend un chlorure organique et even- 
tuellement un compose formateur de nitrate ou de 
nitrite. 30 

3. Procede selon la revendication 2, dans lequel le 
modificateur de reaction est constitue de chlorohy- 
drocarbures ayant jusqu'a 10 atomes de carbone, 

en particulier jusqu'a 6 atomes de carbone, qui 35 
comprennent un ou plusieurs des corps parmi le 
chlorure de methyle, le chlorure d'6thyle, le dichlo- 
rure d'ethylene et le chlorure de vinyle. 

4. Procede selon Tune quelconque des revendications 40 
1 a 3, dans lequel la quantite molaire efficace d'es- 
peces actives du modificateur de reaction presen- 
tes dans la charge peut etre calculee en multipliant 

la quantite molaire de chacun des modificateurs de 
reaction presents dans la charge par un facteur, et 45 
en ajoutant les produits de multiplication obtenus, 
ou chaque facteur represente le nombre d'heteroa- 
tomes actifs, en particulier d'atomes de soufre et/ 
ou d'azote, presents par molecule du modificateur 
de reaction en question, a condition que le facteur so 
pour un modificateur de reaction qui est un compo- 
se de methyle, s'il y en a, se situe dans la plage de 
1/5 a 1/2, en particulier dans la plage de 1/3,5 a 
1/2,5. 

55 

5. Procede selon Tune quelconque des revendications 
1 a 4, dans lequel la quantite molaire efficace d'hy- 
drocarbures presents dans la charge peut etre cal- 



culee en multipliant la quantite molaire de chacun 
des hydrocarbures presents dans la charge par un 
facteur, et en ajoutant les produits de multiplication 
obtenus, ou le facteur pour le methane, s'il y en a, 
se situe dans la plage de 0,1 a 0,5 ; le facteur pour 
I'ethane, s'il y en a, se situe dans la plage de 50 a 
150 ; et le facteur pour les hydrocarbures ayant au 
moins 3 atomes de carbone, s'il y en a, se situe dans 
la plage del 0 a 1 0000, tous les facteurs se rappor- 
tant au facteur pour I'ethylene qui est £gal a 1 , par 
definition. 

6. Procede selon la revendication 5, dans lequel le 
facteur pour le methane, s'il y en a, se situe dans la 
plage de 0 a 0,4 ; le facteur pour I'ethane, s'il y en 
a, se situe dans la plage de 70 a 120 ; et le facteur 
pour les hydrocarbures ayant au moins 3 atomes 
de carbone, s'il y en a, se situe dans la plage de 50 
a 2000, tous les facteurs se rapportant au facteur 
pour I'ethylene, qui est egal a 1 , par definition. 

7. Procede selon I'une quelconque des revendications 
1 a 6, dans lequel la quantite relative Q se situe 
dans la plage de IxlO- 6 a 100x10" 6 , en particulier 
dans la plage de 2x1 0 -6 a 50x10 -6 . 

8. Procede selon I'une quelconque des revendications 
1 a 7, dans lequel les hydrocarbures presents dans 
la charge comprennent un ou plusieurs des corps 
parmi le methane, I'ethane, le propane et le cyclo- 
propane, en plus de I'olefine. 

9. Procede selon I'une quelconque des revendications 
1 a 8, dans lequel cette valeur de Q 1 est employee 
de sorte que la selectivity envers la formation d'oxy- 
de d'olefine soit optimale. 

1 0. Procede selon I'une quelconque des revendications 
1 a 9, dans lequel la valeur du quotient Q^Q, se 
situe dans la plage de 0,8 a 1 ,2, en particulier dans 
la plage de 0,9 a 1,1, mieux encore dans la plage 
de 0,95 to 1,05. 

1 1 . Procede selon I'une quelconque des revendications 
1a 10, dans lequel la seconde phase est mise en 
oeuvre avec une composition d'hydrocarbure et 
une composition de modificateur de reaction de la 
charge dont au moins I'une est differente de la com- 
position d'hydrocarbure et de la composition de mo- 
dificateur de reaction de la charge employees dans 
la premiere phase operatoire. 

12. Procede selon la revendication 11, dans lequel la 
concentration du ou des modificateurs de reaction 
dans la charge appliqu£e dans la seconde phase 
operatoire est calculee en reponse a une variation 
de la quantite ou du type d'hydrocarbure(s) present 
(s) dans la charge. 
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13. Procede selon Tune quelconque des revendications 
1 a 12, dans lequel le catalyseur a base d'argent 
comprend de I'argent et un autre element ou un de 
ses composes, lequel autre element est cholsi dans 

le groupe constitue de I'azote, du soufre, du phos- 5 
phore, du bore, du fluor, des metaux du groupe IA, 
des metaux du groupe MA, du rhenium, du molyb- 
dene, du tungstene, du chrome, du titane, du 
hafnium, du zirconium, du vanadium, du thallium, 
du thorium, du tantale, du niobium, du gallium, du 10 
germanium et de leurs melanges, sur un support, 
en particulier un support de a-alumine. 

14. Procede selon la revendication 13, dans lequel le 
catalyseur a base d'argent comprend de I'argent, 15 
du rhenium ou un de ses composes, un autre ele- 
ment ou un de ses composes, lequel autre element 

est choisi dans le groupe constitue de I'azote, du 
soufre, du phosphore, du bore, du fluor, des metaux 
du groupe I A, des metaux du groupe HA, du moly- 20 
bdene, du tungstene, du chrome, du titane, du 
hafnium, du zirconium, du vanadium, du thallium, 
du thorium, du tantale, du niobium, du gallium, du 
germanium et de leurs melanges, et eventuelle- 
ment un co-promoteur de rhenium qui peut etre 25 
choisi parmi un ou plusieurs des corps parmi le sou- 
fre, le phosphore, le bore, ou un de leurs composes, 
sur un materiau de support, en particulier un sup- 
port de a-alumine. 

30 

1 5. Procede selon la revendication 1 pour I'epoxydation 
d'une define, lequel procede comprend la mise en 
reaction d'une charge comprenant I'otefine, de 
I'oxygene et un modificateur- de reaction en presen- 
ce d'un catalyseur a base d'argent, lequel procede 35 
comprend les etapes suivantes : 

un fonctionnement dans une premiere phase 
operatoire, et 

ensuite, un fonctionnement dans une seconde 40 
phase operatoire, dans laquelle la composition 
de la charge est differente de la composition de 
la charge employee dans la premiere phase 
operatoire de sorte que la concentration des 
especes actives du modificateur de reaction 45 
sur le catalyseur soit sensiblement inchangee. 

16. Procede de production d'un 1,2-diol ou d'un ether 
de 1 ,2-diol, comprenant la conversion d'un oxyde 
d'olefine en 1,2-diol ou en ether de 1,2-diol, dans 50 
lequel I'oxyde d'olefine a ete obtenu par un procede 

de production d'un oxyde d'olefine selon Tune quel- 
conque des revendications 1 a 15. 

17. Systeme convenant a la realisation d'un procede ss 
selon I'une quelconque des revendications 1 a 15, 
lequel systeme comprend un reacteur qui contient 

un catalyseur a base d'argent, des moyens pour in- 



troduce dans le reacteur une charge comprenant 
I'olefine, de I'oxygene et un modificateur de reac- 
tion, et des moyens de r^glage de charge pour re- 
gler la charge et/ou la composition de la charge, 
comprenant des moyens de reglage du modifica- 
teur pour regler le modificateur de reaction present 
dans la charge en quantite relative Q, qui est le rap- 
port d'une quantite molaire efficace d 'especes acti- 
ves du modificateur de reaction presentes dans la 
charge, lesdits moyens de reglage de charge etant 
configures de maniere a regler les etapes suivantes 
du procede : 

un fonctionnement dans une premiere phase 
operatoire dans laquelle la valeur de Q est Q 1t 
et 

ensuite, un fonctionnement dans une seconde 
phase operatoire, dans laquelle la composition 
de la charge est differente de la composition de 
la charge employee dans la premiere phase 
operatoire de sorte que la valeur de Q soit Q2, 
la valeur du quotient Q 2 /Q 1 se situant dans la 
plage de 0,5 a 1,5. 

18. Produit de programme informatique qui comprend 
un support lisible par ordinateur et un code de pro- 
gramme lisible par ordinateur enregistre sur le sup- 
port lisible par ordinateur, convenant pour instruire 
un systeme de traitement de donnees d'un systeme 
informatique afin d'effectuer des calculs pour le pro- 
cede selon I'une quelconque des revendications 1 
a 15. 

19. Produit de programme informatique selon la reven- 
dication 20, qui comprend, de plus, un code de pro- 
gramme lisible par ordinateur, enregistre sur le sup- 
port lisible par ordinateur convenant pour instruire 
le systeme de traitement de donnees afin de regler 
un procede selon I'une quelconque des revendica- 
tions 1 a 15. 

20. Systeme informatique qui comprend un produit de 
programme informatique et un systeme de traite- 
ment de donnees configure pour recevoir des ins- 
tructions lues dans le produit de programme infor- 
matique, ou le produit de programme informatique 
est tel que revendique dans la revendication 1 8 ou 
19. 



